Background: Readmission after hospital discharge is common in patients with acute exacerbations (AE) of chronic obstructive pulmonary disease (COPD). Although frailty predicts hospital readmission in patients with chronic nonpulmonary diseases, no multidimensional frailty measures have been validated to stratify the risk for patients with COPD. Aim: The aim of this study was to explore multidimensional frailty as a potential risk factor for readmission due to a new exacerbation episode during the 90 days after hospitalization for AE-COPD and to test whether frailty could improve the identification of patients at high risk of readmission. We hypothesized that patients with moderate-to-severe frailty would be at greater risk for readmission within that period of follow up. A secondary aim was to test whether frailty could improve the accuracy with which to discriminate patients with a high risk of readmission. Our investigation was part of a wider study protocol with additional aims on the same study population. Methods: Frailty, demographics, and disease-related factors were measured prospectively in 102 patients during hospitalization for AE-COPD. Some of the baseline data reported were collected as part of a previously study. Readmission data were obtained on the basis of the discharge summary from patients' electronic files by a researcher blinded to the measurements made in the previous hospitalization. The association between frailty and readmission was assessed using bivariate analyses and multivariate logistic regression models. Whether frailty better identifies patients at high risk for readmission was evaluated by area under the receiver operator curve (AUC). Results: Severely frail patients were much more likely to be readmitted than nonfrail patients (45% versus 18%). After adjusting for age and relevant disease-related factors in a final multivariate model, severe frailty remained an independent risk factor for 90-day readmission (odds ratio = 5.19; 95% confidence interval: 1.26-21.50). Age, number of hospitalizations for exacerbations in the previous year and length of stay were also significant in this model. Additionally, frailty improved the predictive accuracy of readmission by improving the AUC. Conclusions: Multidimensional frailty predicts the risk of early hospital readmission in patients hospitalized for AE-COPD. Frailty improved the accuracy of discriminating patients at high risk for readmission. Identifying patients with frailty for targeted interventions may reduce early readmission rates.
Introduction
Hospitalization for acute exacerbations (AE) of chronic obstructive pulmonary disease (COPD) is common in Europe. 1 These hospitalizations account for about 10% of all acute medical admissions 1, 2 and are associated with high readmission rates within 90 days of discharge. 3 Because of their relevance for patients and health care costs, preventing hospital readmissions has assumed high political importance. 4 In this respect, identifying risk factors may help clinicians screen patients at high risk of readmission then intervene to effectively reduce that risk. 5 Several predictive factors for hospital readmissions of patients with COPD have been described, including demographic (e.g. age, sex) and disease-related factors, as well as the severity and activity [e.g. forced expiratory volume (FEV 1 ), comorbidities, exacerbations in the past year] and its impact on functional limitations (e.g. dyspnoea, dependence). [6] [7] [8] [9] Recently, novel predictors from the area of frailty have been researched and several studies have suggested that impairments in some measures of physical performance (e.g. gait speed and physical activity), regarded as surrogate markers of physical frailty may increase the risk of readmission following hospitalizations because of AE-COPD. 8, 10, 11 Frailty has been proposed as a state of decreased physiologic reserve, conferring increased vulnerability to stressors such as acute illness or hospitalization. 12 Frailty is a multidimensional concept, which often includes physical, psychological, and social components. 13 Some authors have identified multidimensional frailty as a predictor of hospital readmission in patients with chronic nonpulmonary diseases. 14 However, the role of frailty on readmissions following hospitalization for AE-COPD has only been studied by means of markers of physical frailty (e.g. gait speed). 8, 10, 11 Because of the potential importance of frailty for readmission following hospitalization, the effect of frailty on readmissions because of AE-COPD was examined using a tool based on a multidimensional frailty model. 15 The aim of this study was to explore multidimensional frailty as a potential risk factor for readmission due to a new exacerbation episode during the 90 days after hospitalization for AE-COPD. A secondary aim was to test whether frailty could improve the accuracy with which to discriminate patients with a high risk of readmission. Our investigation was part of a wider study protocol with additional aims to determine rate and time course of functional changes on the same study population which were already reported in a previous manuscript. 16 
Methods

Study design and participants
A prospective observational design was used. During a 12-month period from February 2014, patients hospitalized with exacerbations of their COPD were prospectively recruited from acute medical wards at Morales Meseguer Universitary Hospital, Murcia (Spain) and followed during 90 days after their discharge. Inclusion criteria were a diagnosis of COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines, 17 admission with a diagnosis of AE-COPD as determined by the specialist respiratory team. Admission was defined as a medical ward stay of greater than 24 h duration and AE was regarded according to GOLD definition, 17 for example, '…an acute event characterized by a worsening of the patient's respiratory symptoms that is beyond normal day-to-day variations and leads to a change in medication.' Potential participants were excluded based on the following criteria: significant cognitive deficits (i.e. Mini-mental State Examination score < 20), a terminal illness (expected survival of <4 months) or inability to answer self-report questions. Some of the baseline data reported in this article were collected as part of a previously published study. 16 All participants provided written informed consent. The Hospital's Ethics Committee approved this study (EST-35/13).
All patients received a minimum 7 days of oral corticosteroids, and we treated with nebulized bronchodilators. Antibiotics were given for presumed infective exacerbation at the judgement of the clinical team.
Measurements
Frailty. Frailty was measured within 48-96 h of hospital admission by means of the Reported Edmonton Frail Scale (REFS). 15 A research assistant with no formal medical training administered the REFS. The REFS samples nine domains; cognition, general health status, functional independence, social journals.sagepub.com/home/tar 385 support, medication use, nutrition, mood, continence and self-reported performance. The REFS is based on a scale from 0 to 18, with higher scores entailing more severe frailty. 15 Scores were categorized into four predefined categories of 'Not Frail or Vulnerable' (0-7), 'Mild Frailty' (8) (9) , 'Moderate Frailty' (10) (11) , and 'Severe Frailty' (12) (13) (14) (15) (16) (17) (18) . We hypothesized that patients with moderate-to-severe frailty would be at greater risk for readmission within that period of follow up and that frailty could improve the accuracy with which to discriminate patients with a high risk of readmission. These hypotheses were prespecified in the original study protocol.
Hospital readmissions. Hospital readmissions for a new AE between 30 and 90 days after hospital discharge were selected (the 0-29-day interval was not considered because some patients do not recover completely until 4 weeks from exacerbation). 18 Readmission data were obtained on the basis of the discharge summary from patients' electronic files by a researcher blinded to the measurements made in the previous hospitalization.
Demographic and disease-related variables.
A total of 14 demographic and disease-related variables were selected, based on a search of the literature as covariates based on their potential association with either the readmission following hospitalization for AE-COPD [5] [6] [7] 9 or with frailty COPD. 12, 13, 19 The demographic variables included age (years), sex and living with partner/ spouse (yes/no). Disease-related variables were classified into three domains related to activity, severity and impact of disease. 20 The activity domain included smoking status (being an active smoker or not), history of smoking as pack years, number of hospitalizations because of exacerbations in the previous year and body mass index [BMI (kg/m 2 )]. The severity domain included FEV 1 , requiring non-invasive ventilation during hospitalization, length of stay in the hospital (days), number of comorbidities measured using the Functional Comorbidity Index 21 and coexistent cardiovascular comorbidity (yes/no). Finally, the impact domain included the modified Medical Research Council (mMRC) dyspnoea scale and dependence. All these disease factors, except dependence, were acquired from electronic files either during hospitalization or at discharge. Dependence was measured after 48-96 h of hospital admission by means of an activities-of-dailyliving (ADL) scale as described elsewhere. 22 Being unable to perform an ADL or requiring the help of another person for any ADL was selfreported. The score range for this scale (0-6) was based on the number of dependencies, with a score of 6 representing dependencies in all ADLs.
Data analysis
Descriptive statistics were used to summarize participant characteristics. We used analysis of variance (ANOVA) or Kruskal Wallis to examine differences in baseline characteristics with respect to the ranges of frailty. For comparing categorical characteristics between readmitted and not readmitted patients, we used Pearson χ 2 or Fisher's exact test if numbers were low. Between-group differences were assessed using the independent t test or Mann-Whitney U tests (if non-normally distributed data) for continuous variables.
A univariate logistic regression and a trend analysis were used to assess the association between frailty and readmission within 90 days after hospitalization. Additionally, two separate multivariate models were first fit for demographics and domains related to activity, severity and impact of disease by including those in each domain that showed a statistically significant association (p < 0.15) as independent variables in previous binary analyses with either readmission or frailty. The first model (Model 1) contained frailty as well as demographics and variables concerning activity domains of disease. Model 2 contained frailty and variables concerning severity and impact domains. A final multivariate logistic regression model was chosen by including the most strongly predictive factors from each of the individual models. All multivariate models were produced using the backwards stepwise method and variables remained in the model if p < 0.10. Goodness-offit and regression diagnostics for the models were assessed using methods described elsewhere. 23 The interaction between frailty and those variables that remained in the final model (age, length of stay and number of exacerbations) were considered in that final model; however, no modifications were found and therefore subgroup analyses were not performed.
Two methods were used to assess and quantify whether frailty could improve the accuracy of the ability to discriminate patients with early readmission. First, we constructed receiver-operating characteristic (ROC) curves with the predicted probabilities from the final multivariate model, with and without frailty, and calculated their area under the curve (AUC). We used the overall difference between the two AUCs to determine whether frailty added discriminative value. Second, we selected the best cut-off points of each ROC and calculated the sensitivity (Se), specificity (Sp), positive (LR+) and negative (LR−) likelihood ratios. Cut-off points were defined as the value at which Se + Sp − 1 was maximized.
No a priori sample size calculation was done for these specific analyses, beyond that performed in the original study protocol, which was based on the rule of thumb that 15 subjects per predictor are needed for a reliable equation in multiple regression models. 24 All analyses were performed with the SPSS statistical software program (SPSS version 19.0; IBM SPSS, Chicago, IL, US).
Results
Patient characteristics
Of the 107 patients hospitalized with COPD exacerbations, four were excluded because they had a length of stay > 30 days. Therefore, 103 patients were included at baseline. After 90 days of follow up after hospital discharge, 102 (99%) participated in the study; one participant with severe frailty died. At baseline, we had only five (4.85%) missing values in the variable smoking history by pack years and three (2.91%) missing for dyspnoea.
Baseline characteristics of patients as a whole, and stratified by subgroups of frailty are shown in (Table 1) . No significant differences nor correlation were found between frailty groups and severity by FEV 1 (data not showed).
Frailty and readmission
In total, 32 of the 102 patients (31.4%) were readmitted for AE within 90 days of hospital discharge. Baseline characteristics of those readmitted and not readmitted within 90 days are compared in Table 2 . Participants who were readmitted were older, more likely to be nonsmokers, had higher MRC dyspnoea scores, a greater number of hospitalizations because of AEs in the previous year, comorbidities and dependencies than those who were not readmitted. The first unadjusted model shown in Table 3 provides a relative measure of the odds of having a readmission for AE within 90 days of hospital discharge between participants with different levels of frailty with respect to no frailty. According to this model, the odds of readmission increased significantly only when patients had severe frailty [odds ratio (OR) = 7.20, 95% confidence interval (CI): 2.16-24.0, p = 0.001]. These effect estimates were slightly decreased after adjusting for demographic and disease-related covariates in all the multivariate models, but frailty persisted and remained statistically significant. In the final model, which also included demographic as well as disease-related variables, frailty remained an independent risk factor for 90-day readmission (OR = 5.19; 95% CI: 1.26-21.50). Among the covariates, only age, hospitalizations because of AE in the previous year and length stay were retained. All explained the higher percentage of variance for 90-day readmissions (45.5%). Figure 2 shows the ROC plots and the area under the ROC curve of two models to predict journals.sagepub.com/home/tar 387 hospital readmission within 90 days. The AUC was higher with the addition of frailty (0.831 versus 0.782) to the three demographic and diseaserelated factors included in the final model ( Table  3 ), implying that frailty adds value as a predictive factor.
Accuracy with which to discriminate patients at high risk of readmission
The cut-off scores yielded the most accurate discrimination of patients with high readmission risk, which were 24% for the full model and 27% for the model without frailty. Frailty also improved the accuracy of classifying patients using these optimal cut-off points. The sensitivity, specificity, and likelihood ratios calculated for these cut-off points are shown in Table 4 .
Discussion
In this study, we aimed to minimize possible confounders between frailty and readmissions by controlling for key demographic and diseaserelated factors. Frailty was a relevant and independent risk factor for readmission within 90 days following hospitalization because of AE in patients with COPD, even after accounting for risk factors. Patients with severe frailty experienced about five times more readmissions than nonfrail patients. Furthermore, we also demonstrated that frailty significantly improved the accuracy with which to discriminate patients at an increased risk of readmission when added to those relevant risk factors.
Our findings are consistent with previous studies showing that frailty is an independent predictor of hospital readmission in patients with chronic nonpulmonary diseases and transplant recipients. 12, 25, 26 Nevertheless, to our knowledge this is the first study to test whether frailty, as defined by the REFS, predicts readmission in patients hospitalized with AE-COPD. A few previous studies have also suggested that some markers of frailty (e.g. gait speed and physical activity) may increase the risk of readmission in these patients. 8, 10 However, these studies did not define frailty as a multidimensional construct and examined only markers of the physical frailty dimension. Our study extends these findings, showing that a multidimensional model of frailty is also a predictor of readmissions.
In this study, we explored together the relative importance of frailty and multiple known factors related to readmission. We used multivariate analysis to control covariates of the frailty index. Moreover, only the factors with statistically significant contributions concerning both the exposure (frailty status) and the outcome measure (readmission) were entered and combined. The disease-related factors, number of hospitalizations because of exacerbations in the previous year and length of stay and age were consistently associated with readmission. Therefore, it seems reasonable to conclude that the occurrence of readmission within 90 days after hospital discharge is a complex and multifactorial process mediated by both the patients' disease-related status and their frailty. Surprisingly, other known disease-related factors (e.g. smoking status, requiring non-invasive ventilation, cardiovascular comorbidity, and functional dependence) did not differentiate themselves as predictors of readmission, which is somewhat contrary to the published literature. [5] [6] [7] [8] [9] A possible reason explaining these findings is that these variables were added to the models, along with other factors that were relatively more significant to readmissions. The predictors identified in the final model were shown to demonstrate good accuracy (with a very good AUC) in discriminating between patients with COPD with and without readmission following hospitalization because of an AE. Nevertheless, we found the AUC to be similar to previous prognostic studies that did not use a multidimensional measure of frailty, 8 therefore, our study did not provide a substantially better prognostic model. However, our study highlights that frailty adds value to well-known diseaserelated factors in the accuracy for predicting readmissions. This is a valuable finding that supports including the measurement of REFS in the clinical setting, where it may be useful to have a measure of frailty but where there may not be time to perform a performance-based test (i.e. gait speed) or when patients are unable to perform these tests (i.e. walk 5 meters independently).
The real value of the findings on frailty presented here is that it provides a strategy for targeting interventions aimed at patients in most need (i.e. frail patients) and to reduce readmission rates. Because frailty is potentially reversible by pulmonary rehabilitation in patients with lung disease, 27 targeting frail hospitalized patients with a high risk of readmission might be a determinant for preventing readmissions. Table 4 provides information needed to estimate the probability that a patient having a specific age, length of stay, number of hospitalizations and frailty level will be readmitted within 90 days after hospital discharge. However, in our opinion, there may be a larger benefit in implementing readmission prevention programs in patients with COPD and moderate-to-severe frailty living in the community rather than only in hospitalized patients. Simple, combined interventions such as nutritional, physical, and cognitive training were effective in reversing frailty among community-dwelling older people. 27 Our study has several limitations. First, because this was a single-centre study and only a few females were included in the cohort, generalization of the results to women or other clinical settings should be made with caution. Data on postacute rehabilitation services were lacking. Nevertheless, we know that rehabilitation services were not widely used by the patients as reported in other studies. 28 Second, patients with cognitive deficits may be frailer and their exclusion may bias the results. Our decision to exclude them was based on the fact that self-reporting measures are limited amongst these individuals. Third, it may be speculated that other factors not included in the final model could improve it (e.g. having a close follow-up visit, postdischarge treatment, psychosocial factors, hypercapnia, Long term ROC, receiver-operating characteristic; CI, confidence interval; C statistic, concordance index. oxygen therapy (LTOT) prescription). Fourth, we present a prognostic model that successfully predicted readmission, but this model should be validated in other populations to provide evidence that the model performs well. Finally, we used only severe AEs with readmission and did not use other AEs. Because readmissions are very relevant for patients and healthcare costs, our research question was centered on them. Future studies are needed that analyse a more representative sample including females and patients with different degrees of AE severity from several hospitals or other healthcare systems. However, we believe that the recruiting hospital was typical of many other Spanish hospitals, and the observed readmission rates were similar to those seen in previous studies. 3, 8 In conclusion, frailty is an independent predictor of readmission within 90 days following hospitalization for AE in patients with COPD. This measure of physiologic reserve is predictive of early hospital readmissions for AE regardless of age and factors related to activity, severity and the impact of the COPD. Accuracy to discriminate which patients are at high risk of readmission is improved by frailty, which may allow high-risk patients to be identified at the time of hospitalization. Identifying patients with severe frailty or high risk of readmission that could be targeted for rehabilitation programs prior to or after hospitalization could reduce the very high rates of early readmission seen after hospitalization for AE-COPD.
